Heavy Good Vehicles (HGVs) can cause several problems for road user's world-wide. One of the main issues found in the UK is that when one HGV is trying to overtake another on a motorway (freeway), the 56mph speed limit imposed means that the time to complete this task is substantial. This forces other road users to use the overtaking lane and causes a bottleneck, increasing road rage and the risk of accidents. Presented here is a proof-of-concept system that could theoretically allow a lighter loaded HGV to travel slightly faster and reduce the overtaking time, thus helping eliminate the bottleneck. The system uses a microcontroller that can be used to take odometer measurements from the driving wheels and weight sensors in the cargo area, to be able to alter the top speed achievable. In this situation a load cell is used to simulate the measured load on the lorry and a stepper motor and variable resistor to represent the engine and accelerator. How such a system could be implemented in a real-world environment is also discussed.
INTRODUCTION
Heavy Goods Vehicles (HGVs) are used more commonly on today's roads due to the constant demand of goods and the corresponding increase in business. HGV's are restricted in the United Kingdom to a maximum of 56mph on motorways (freeways) opposed to the regular 70mph; this lower speed limit causes delays and congestion on the motorway. If the speed restriction was to be lifted under certain circumstances then this would decrease the amount of congestion. This work a i m s a t p ro p o s i ng a s y s t e m t h a t c o u l d a s s i s t i n c ha ng i ng current legislation regarding road transport.
There is a need for this project as there is currently no other option on the market that can achieve what is being proposed. If there was a reduced amount of bottlenecking on the motorway, it would be a benefit to businesses as a whole as it would reduce the amount of time goods and people spent on the motorways in transient. An aspect of the road network that it will satisfy is HGV drivers as it will allow them to overtake other HGV users quickly allowing to free up the roads for cars, thus aiding in the issue of road rage.
II. SYSTEM DESIGN This system utilizes two PIC18F microprocessor chips, one is used for sensing and one is for motor control. These tasks are described as follows:
1. Sensing: The PIC here is connected to a Hall-effect sensor that is used to measure the rpm rating from the motor being used to represent the movement of the wheels on the HGV. Additionally, it takes the weight measurement from the load cell and displays this information on a seven segment display. Finally, it sends the odometer data via a connection to the s e c o nd P IC to b e dis pl ay e d. F i gu re 1 s ho w s t he circuit board interface with the display unit.
Motor Control:
This PIC receives the signal from the first and displays the rpm on the two seven segment displays. A variable resistor is connected to act as the accelerator to control the speed of a stepper motor via a Darlington driver chip. A simplified flow diagram for this code is shown in Figure 2 whilst the experimental set-up for this aspect during testing is shown in Figure 3 .
A complete annotated circuit diagram for the system is shown in Figure 4 . The INA125 was used to amplify the load cell output to make it measurable by the PIC. In order to calculate the value of resistor, that was needed, Equation 1 was used. As the gain would need to be around 100 for the output voltage to be suitable the equation was rearranged to be thusly;
=4+ 60
(1)
The circuit design that was used to make the correct connections to the INA125 is shown more closely in Figure 5 . The circuit was connected up to the digital oscilloscope for testing of the output voltage of the load cell. The load cell is shown more closely in Figure 6 to show how the load will be applied and the positioning of the strain gauges. In a real situation, these could be placed around the circumference of the lorry's cargo area so the load acts downwards via the force of gravity. The oscilloscopes reading was as expected and was producing a voltage output which increased as the load was increased. The voltage displayed on the output was now in volts and not in millivolts. Figure 7 shows the method of calibration, it shows a reading being taken place with no load with an output of 0V, then the voltage rising to approximately 2V when a 2kg load is applied. The full calibration curve is shown in Figure 8 . Figure 9 shows the speed to weight ratio of the full functioning system. The curve is slopping down starting from the maximum speed that the stepper motor can go whilst the load cell has no load applied and as more weight is applied the maximum speed of the load cell is reduced. A threshold can be added anywhere to limit the speed if required for a specific load.
In terms of applying this system to a real lorry, the load that a lorry can carry gross (including the weight of the vehicle and trailer) is anything from 7.5 tonnes to a gross of 42 tonnes. However the maximum net weight allowed by law is 24 tonnes on a tri-axial lorry with tri-axial trailer. This 24 tonnes would relate to the 5kg maximum load of the load cell in the proof-of-concept system. Suitable sensors for this size of load would need to be selected, however the option of using the onboard suspension system sensors and tapping their signals if they can provide the information required. When installing such a system on a real vehicle, the PIC units would be placed in the main vehicle and the trailer would be retrofitted with the load cells to measure the weight. These load cells would have to be connected to the main vehicle in a similar manner to the air fed brakes and electrics (braking lights and visual awareness lights) for the trailer when the hook up is made. To power the system, energy can be obtain from the onboard electrical system that is used to light the lorry, however, this runs at 24V and would need to be stepped down by a potential divider, or some other appropriate means. II. CONCLUSIONS AND FUTURE WORK This paper has presented a functional speed to weight sensor system that could in the future be equipped to HGVs in order to help solve a problem of bottlenecks on motorways. Whilst a great deal of work has still to be done, there is potential in this technology to help the general road user. Additionally, the logistics of installing and using the technology by professionals in the field has been accepted by some of the haulage companies, and they are keen to embrace the idea to increase their profitability.
In the future, it is envisaged that this work would be continued with the support of a haulage company and that a lorry can be retrofitted with this system to prove that the system can be deployed safely within a real-world system. This would become a joint project with mechanical and automotive engineers in order to harness their expertise. Another aspect of the project that requires further investigation is the issue of sensor placement on the lorry. This deals with where the optimal place to position the sensors is, so that the best weight reading can be obtained whilst the lorry is loaded or unloaded. These sensors could also be adapted to different Lorries and axial configurations to help determine if the position of the load has shifted during transit and if the lorry is safe to open. The effect that this would have on the driving characteristics and performance would be vital to any company that employs this technology. For the latter, the retired HGV driver who was consulted on this project would be contacted again. There are also plans to switch the system to run off an FPGA with a GUIC interface as in [5 -6] so that a single board could be used with a touch screen display to make communication easier with the driver and provide more information by including decimal values (something not covered by the seven segment display).
